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Purpose: Accurate preoperative staging of colon cancer is essential for providing the optimal treatment strategy and eval- 
uating the expected prognosis. The aim of this study is to assess the value of positron emission tomography/ computed to- 
mography (PET/CT) over conventional studies in the staging of colon cancer. 

Methods: A total of 266 colon cancer patients diagnosed between January 2008 and December 2010 were assessed with 
both PET/CT and conventional studies. Discordance with PET/CT and conventional studies were evaluated, and changes 
in the management strategy were assessed for each stage. Discordant findings were verified by using intraoperative exami- 
nation, pathology reports, and follow-up imaging studies. 

Results: Multidetector computed tomography (MDCT) and PET/CT showed similar accuracy in detecting lymph node 
metastasis in patients with clinical stage III (36.2% vs. 42%, P = 0.822) and stage IV (60.3% vs. 63.5%, P = 0.509) disease. 
PET/CT led to a change in management strategy for 1 of 40 patients (2.5%) with clinical stage I, 0 of 25 patients (0%) with 
stage II, 9 of 138 patients (6.5%) with stage III, and 8 of 63 patients (12.7%) with stage IV disease. 

Conclusion: PET/CT changed the management plan in 6.5% of patients with clinical stage III and 12.7% of patients with 
clinical stage IV colon cancer. Our findings suggest that PET/CT may be considered as a routine staging tool for clinical 
stage III and IV colon cancers. 
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INTRODUCTION 

Accurate preoperative staging of colon cancer is essential for as- 
sessing prognosis and determining appropriate treatment. Preop- 
erative evaluation and staging should focus on techniques that 
might preclude surgery entirely, lead to a change in the preopera- 
tive or intraoperative surgical plan, or indicate the need for preop- 
erative neoadjuvant therapy [1]. 
Abdomino-pelvic computed tomography (CT) and chest CT are 
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standard imaging modalities for the staging of colon cancer. De- 
spite technical improvements, such as multidetector CT (MDCT), 
an ideal preoperative staging has not yet been obtained [2]. Ahme- 
toglu et al. [3] reported an overall accuracy of MDCT of 86% in T 
staging and 84% in N staging. A meta-analysis demonstrated the 
sensitivities of CT and positron emission tomography (PET) to be 
83.6% and 94.1%, respectively, for detecting hepatic metastasis 
from colorectal cancer (CRC) [4]. 

Currently, PET/CT is recommended only for the assessment of 
suspected recurrence of CRC and in the preoperative staging prior 
to a metastasectomy [2]. Reports on the role of PET/CT in the 
routine staging of colon cancer are scarce and conflicting [2, 5, 6]. 
Colon cancers differ from rectal cancers in their pathways before 
surgery, and the algorithms for the treatments of rectal cancer are 
more complex. For this reason, our study included only colon can- 
cer. The aim of this study is to assess the value of PET/CT over 
conventional imaging studies (abdomino-pelvic CT and chest CT) 
in the preoperative staging of colon cancer. 
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METHODS 

We retrospectively analyzed the medical records of 266 colon can- 
cer patients treated at Chonbuk National University Medical 
School, Jeonju, Korea from January 2008 to December 2010. All 
266 patients underwent both PET/CT and conventional imaging 
studies preoperatively. We excluded patients who did not undergo 
preoperative CT or PET/CT, who underwent conventional image 
studies or PET/CT at another institution, or who underwent local 
excision, a palliative colostomy or ileostomy formation. As a result, 
a total of 266 colon cancer patients were reviewed. 

The conventional staging MDCT scans and PET/CT were re- 
ported separately by a dedicated specialist radiologist and special- 
ist nuclear medicine physician. CT examinations were performed 
on a 16-MDCT scanner (Sensation 16, Siemens HealthCare, Er- 
langen, Germany). The images were acquired with a 1.5 x 16 
beam collimation. The other scanning parameters were as follows: 
160 mAs, 120 kVp, 1.5-mm detector collimation, 24-mm per rota- 
tion table speed, and a 0.5-second gantry rotation time. A recon- 
struction slice thickness of 3.0 mm and a reconstruction interval 
of 3.0 mm were also established. 

The PET/CT examinations were performed using a standardized 
protocol on a two-detector-row PET-CT scanner (Siemens Medi- 
cal Solution, Hoffman Estates, IL, USA). Patients were asked to 
fast for at least 6 hours before examination to ensure that the blood 
glucose level was below 150 mg/dL. At 1 hour after fluorodeoxy- 
glucose administration, a low-dose CT scan was performed for 
PET- attenuation correction, covering the neck, thorax, abdomen, 
and pelvis (80 mA, 120 kV, 3.75-mm slice thickness). 

Discordance with PET/CT and conventional imaging studies 
were evaluated, and changes in the management strategy were as- 
sessed at each stage. The T, N, and M staging was based on Ameri- 
can Joint Committee on Cancer 6th guidelines for colon cancer. 
We obtained sensitivities, specificities, positive predictive values 



(PPVs), negative predictive values (NPVs), and accuracies be- 
tween MDCT and PET/CT for lymph node metastasis at stage III 
and IV We reviewed the medical records of all patients, and dis- 
cordant findings were verified by using intraoperative findings or 
examination, pathology reports, and follow-up imaging studies af- 
ter surgery. 

For lymph node metastasis, the sensitivity specificity PPV, NPV, 
and accuracies of MDCT and PET/CT were calculated. The differ- 
ences in the accuracies for lymph node metastasis between PET/ 
CT and MDCT were assessed using IBM SPSS ver. 19.0 (IBM Co., 
Armonk, NY, USA). Comparisons were assessed by using the chi- 
square test. A P- value <0.05 was considered statistically significant. 

RESULTS 

The 266 patients enrolled in this study had a mean age of 63.7 
years (range, 35-87 years); 112 patients (42.1%) were female, and 
154 patients (57.9%) were male. In the patients with clinical stage 
III cancer (n = 138), for regional lymph node metastasis, MDCT 
had a sensitivity of 100%, a specificity of 0%, a PPV of 36.2%, an 
accuracy of 36.2%. The NPV could not be calculated. In compari- 
son, PET/CT had a sensitivity of 88%, a specificity of 15.9%, a 
PPV of 37.3%, a NPV of 70%, and an accuracy of 42%. The differ- 
ence in accuracy was not statistically significant (P = 0.822). 

For regional lymph node metastasis in the group with clinical 
stage IV cancer (n = 63), MDCT had a sensitivity of 97.4%, a 
specificity of 4%, a PPV of 60.7%, a NPV of 50%, and an accuracy 
of 60.3%. In comparison, PET/CT had a sensitivity of 97.4%, a 
specificity of 12%, a PPV of 62.7%, a NPV of 75%, and an accu- 
racy of 63.5%. The difference in accuracy was not statistically sig- 
nificant (P = 0.509) (Table 1). 

Eighteen patients (6.8%) underwent potential changes in man- 
agement plan as a result of the PET/CT findings. Potential upstag- 
ing was considered in four patients. PET/CT revealed findings for 



Table 1. Sensitivity, specificity, PPV, NPV, and accuracy for lymph node metastasis in stage III and IV colon cancer patients 



Stage 


Modality 


Sensitivity (%) 


Specificity (%) 


PPV (%) 


NPV (%) 


Accuracy (%) 


P-value 


III 


MDCT 


100 


0 


36.2 


C 


36.2 


0.822 




PET/CT 


88.0 


15.9 


37.3 


70.0 


42.0 




IV 


MDCT 


97.4 


4.0 


60.7 


50.0 


60.3 


0.509 




PET/CT 


97.4 


12.0 


62.7 


75.0 


63.5 





PPV, positive predictive value; NPV, negative predictive value; MDCT, multidetector computed tomography; C, could not calculated; PET/CT, positron emission tomography/ 
computed tomography. 



Table 2. Potential upstage after PET/CT 



No. of patients 



CI findings 



PET/CT finding 



Stage change 



Verification 



No liver metastasis 
No peritoneal seeding 



Liver metastasis 
Peritoneal seeding 



III— >IV Histology; liver metastasis 

III— >IV Intraoperative findings; peritoneal seeding 



PET/CT, positron emission tomography/computed tomography; CI, conventional image. 
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Table 3. Potential downstage after PET/CT 



No. of patients CI finding 




PET/CT finding 


Stage change 


Verification 


4 Lung metastasis 




No lung metastasis 


IV-»III 


Follow-up CT; no change 


1 Lung metastasis 




No lung metastasis another ascending colon cancer 


IV->II 


Follow-up CT; no change; histology 


1 Distant lymph nodes, 
liver metastasis 




No metastasis 


IV->III 


Follow-up CT; no change; liver MRI; 
hemangioma 


1 Liver metastasis 




Eosinophilic abscess or liver metastasis 


IV^III or IV 


Histology; eosinophilic abscess 


1 Metastatic tumor seeding 




No seeding 


IV->III 


Intraoperative findings; no seeding 


1 No rectal polyp 




Rectal polyp 


III— y|l 


Intraoperative findings; rectal 
polypectomy 


PET/CT, positron emission tomography/computed tomography; CI, conventional image; CT, computed tomography. 




Table 4. Proportion of management chan 


ges after PET/CT 






Conventional stage 




Post-PET/CT stage (n) 




Management change 


Stage No. of patients 


Stage I 


Stage II Stage III 


Stage IV 


No. of patients % 


I 40 


29 


0 11 


0 


1 2.5 


II 25 


0 


13 10 


2 


0 0 


III 138 


0 


20 106 


12 


9 6.5 


IV 63 


0 


4 16 


43 


8 12.7 



PET/CT, positron emission tomography/computed tomography. 



liver metastasis in three patients and peritoneal seeding in one pa- 
tient; these had not been shown by conventional studies. Accord- 
ing to the PET/CT findings, combined liver resections were per- 
formed on three patients, and the patients were confirmed with 
liver metastasis by using pathologic examinations. One patient 
who was suspected of having peritoneal seeding on PET/CT had 
this suspicion confirmed by intraoperative findings (Table 2). Po- 
tential downstaging was indicated in nine patients. Five patients 
were suspected of having lung metastasis on conventional staging 
while the lesions were suspected as being benign on PET/CT. Fol- 
low-up image studies revealed benign lung nodules. In addition to 
stage migration, the PET/CT suggested another colonic cancer le- 
sion in one patient, on whom a total colectomy was performed. 

One patient demonstrated a distant lymph node metastasis and 
liver metastasis on conventional studies. However, PET/CT indi- 
cated a benign lesion for a distant lymph node, and the lesion was 
identified as benign in a series of follow-up studies. For the liver 
lesion, additional magnetic resonance imaging (MRI) was per- 
formed and demonstrated a hemangioma. One patient with a sus- 
picious liver lesion on conventional studies showed liver metasta- 
sis or an eosinophilic abscess on PET/CT. Pathologic findings 
were compatible with an eosinophilic abscess. One patient dem- 
onstrated mesenteric tumor seeding on MDCT while PET/CT 
findings were negative. Intraoperative findings revealed no mes- 
enteric tumor seeding. Another patient with a suspicious stage III 
on conventional staging was reconsidered as stage II after PET/CT. 
In addition, a rectal polyp was found on PET/CT, and the patient 
underwent an intraoperative polypectomy (Table 3). 



As well as stage migration, the PET/CT suggested additional 
pathologic lesions in five patients, resulting in changed manage- 
ment strategies. Another colonic lesion was found in two patients. 
One underwent a polypectomy after surgery, and the other had a 
changed operative plan. Additional findings on PET/CT included 
cases of thyroid cancer, a pituitary macroadenoma, and an adeno- 
carcinoma on the antrum of the stomach. The 18 patients who 
underwent changes in management plan included 1 of 40 (2.5%) 
stage 1, 0 of 25 (0%) stage II, 9 of 138 (6.5%) stage III, and 8 of 63 
(12.7%) stage IV (Table 4). 

DISCUSSION 

This study demonstrated that the addition of PET/CT to conven- 
tional imaging studies changed the management plan in 6.5% of 
patients with clinical stage III colon cancer and 12.7% of patients 
with clinical stage IV colon cancer. Only a few studies have investi- 
gated the role of PET/CT (including PET) in the staging of colon 
cancer [2, 5-10], and the results vary. One study reported that rou- 
tine use of PET/CT for preoperative staging did not impact disease 
management for 96.8% of patients, and that only 3.2% of patients 
had a change in surgical management. The researchers concluded 
that PET/CT should not be routinely used for primary staging of 
CRC [2] . On the other hand, another study reported that PET 
findings modified the scope of surgery in 11.54% of the patients 
and revealed an unknown disease in 19.2%. These authors claimed 
that, when compared with conventional techniques, PET appeared 
to be useful in presurgical staging of CRC [6]. However, most of 
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these studies included small numbers of CRC patients. To our 
knowledge, our study is the largest one published. 

Our results showed that the preoperative staging of clinical stage 
III and IV colon cancer was changed in 6.0% to upstaging and in 
19.9% to downstaging by addition of PET/CT as a staging modal- 
ity Upstaging was mainly due to detection of hepatic metastases. 
Given the known benefits of a hepatic metastasectomy PET/CT 
should play an important role in the management of advanced co- 
lon cancer by detecting hepatic metastases. A meta-analysis dem- 
onstrated the sensitivities of CT, MRI, and PET for detecting he- 
patic metastases from CRC to be 83.6%, 88.2%, and 94.1%, respec- 
tively [4]. Modern MRI is superior to CT for detecting lesions that 
measure less than 1 cm [4] . PET is accurate for identification of 
hepatic metastases greater than 1 cm in diameter, but it is limited 
in its ability to demonstrate lesions smaller than 1 cm [11-13]. 
PET/CT may be particularly useful in patients with several hy- 
podense or hypoenhancing liver lesions that are not clearly charac- 
terized by CT alone and in patients in whom standard CT fails to 
detect metastases in the setting of a rising serum CEA level [14]. 

Five patients who were clinical stage IV due to lung metastasis 
after conventional staging were considered as stage III after PET/ 
CT. The chest CT indicated metastatic lung lesions; however, on 
PET/CT, the lesions were suspected to be benign or indeterminate 
lesions. No studies have yet compared chest CT versus PET/CT 
findings for metastatic lung lesions. Further studies should be per- 
formed 

In the aspect of cost effectiveness, one study reported that the use 
of PET/CT for preoperative evaluation in primary CRC was not 
economic [15]. However, only two small studies evaluated the use 
of PET/CT in primary CRC, and evidence supporting its routine 
use was insufficient. For economic evaluation, more studies are 
still needed. 

As mentioned earlier, a few studies have investigated the benefits 
of PET/CT as a staging modality for CRC, and the results are con- 
troversial. In our study, PET/CT found incidental lesions in five pa- 
tients. We did not focus on incidental findings of PET/CT that did 
not change the management plans; for example, some patients re- 
vealed incidental thyroid nodules after PET/CT. Those findings did 
not influence the management plans, so we did not concentrate on 
them. Although we only focused on findings after PET/CT that 
changed the management plans, we found that 18 of 266 patients 
(6.8%) had changed management plans after PET/CT. In patients 
with conventional stage III and IV, 9 of 138 patients (6.5%) and 8 of 
63 patients (12.7%) had changed methods of management. The re- 
sults of our study, as the largest one yet published, suggest that PET/ 
CT might be considered as a valuable staging modality especially 
in clinical stage III and IV colon cancer patients. 

In conclusion, PET/CT changed the management plans in 6.5% 
of patients with clinical stage III colon cancer and 12.7% of patients 
with clinical stage IV colon cancer. Routine PET/CT may not be 
essential for all patients, but patients with clinical stage III and IV 
colon cancer should be considered for additional preoperative 



PET/CT after conventional studies. Additional research is required 
to select the group of patients that might benefit from PET/CT as 
an initial staging modality 
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